Objective: The aim of the work is to evaluate the accuracy of intraoperative frozen section in the diagnosis of ovarian neoplasms in Zagazig University. Design: A prospective cross sectional cohort study. Method: This study was performed between March 2011 and March 2012, on 50 patients presented with ovarian mass. Gross examination of the tumor removed was done by inspection and palpation. The specimen was then cut with a sharp knife into two halves. The most appropriate area thought to be representative of lesion was chosen. The number of sections frozen was depended on the type and size of the tumor. Seven to eight μm sections were obtained and stained with hematoxylin-eosin. The specimens were then fixed in formalin. Paraffin blocks of the sections were processed in the routine way and sections were stained with hematoxylin and eosin (H and E). The diagnosis obtained by intraoperative frozen section based on cellularity and cell morphology was compared with final histopathological diagnosis in terms of diagnostic sensitivity, to differentiate between benign and malignant lesions. Assessment of the overall accuracy of the intraoperative diagnosis was classified as concordant or discordant. Results: There was no statisticaly significant differencre in the studied patients as regard the clinical data, macroscopic and intraoperative picture, while there was statisticaly significat association as regard the laterality of the ovarian masses. The validity of frozen section in the diagnosis of benign tumour was 100% with 100% accuracy, specificity, positive predictive value, negative predictive value, while sensitivity & negative prediction for borderline tumour and specificity & positive prediction of malignant tumour were 100%, specifecity for borderline tumours was 95% while the positive predictive value was 33.3% with 96% accuracy for both malignant and borderline tumours. Conclusion: Intraoperative frozen section is accurate for rapid diagnosis of ovarian tumors. It can help surgeons avoid under-treatment or overtreatment of patients. Our study was designed prospectively * Corresponding author.
Introduction
Ovarian neoplasms are a heterogeneous group of benign, borderline and malignant tumors of epithelial, stromal and germ-cell origin [1] . Ovarian cancer is the fifth commonest cancer in women in the UK after breast, colorectal, lung and uterus. Approximately 6700 new cases of ovarian cancer were diagnosed every year in United Kingdom between 2004 and 2007 accounting for approximately 1 in 20 cases of cancer in women [2] . Histopathology of a paraffin section remains the ultimate gold standard in tissue diagnosis [3] .
Rapid intra-operative diagnosis of the nature of ovarian tumors is both interesting and challenging for effective planning of the surgical management of these tumors, particularly in a young woman as it can avoid unnecessary removal of contralateral ovary and helps preserve fertility [4] . Intra-operative diagnosis of ovarian lesions can be achieved by a number of cytological techniques, including imprint and scrape cytology, and intraoperative fine-needle aspiration cytology (FNAC). These methods are less accurate as compared to frozen section (FS) [5] .
Intraoperative FS for use in diagnosis of ovarian tumors is of great value. In some cases, it can help surgeons avoid under-treatment or overtreatment of patients. FS is indicated to ensure that the tissue sampled adequate for diagnosis, to determine the nature of the disease process, to plan ancillary studies, to determine tumor spread, and to assess margins [6] [7] The aim of the work is to evaluate the accuracy of intraoperative frozen section in the diagnosis of ovarian neoplasms in Zagazig University.
Patients and Methods
This study was performed between March 2011 and March 2012, on 50 patients presented with ovarian mass recruited from the gynecology outpatient clinic. Patients with the following criteria were included: 1) clinically benign looking tumors (on preoperative radiology or intraoperative inspection) with raised CA-125; 2) adnexal mass in a patient with a past history of malignancy at another site; iii) young patients with ovarian neoplasms in whom fertility sparing surgery was planned; and iv) adnexal mass in any perimenopausal women.
The following was done for all selected patients: full history; full clinical examination and measurement of serum CA 125. The preoperative data studded were patient age, rapid weight loss, clinical examination, available imaging studies either ultrasonography, Computerized Tomography or both, level of the available tumor marker such as serum CA 125.
Patients with benign-appearing tumors at surgery underwent either cystectomy or salpingo-oophorectomy, depending on patient and tumor characteristics. Patients with suspicious ovarian tumors underwent salpingooophorectomy. The intraoperative findings studded were presence of ascitis, adhesions to the adjacent structures, bilaterality, tumor implants on peritoneal surface, lymph node enlargement and gross picture of the tumor (e.g. tumor diameters, consistency, outer surface, cut surface, presence of necrotic areas and papillary structures within the cyst).
The unfixed fresh specimen of the tumor was immediately delivered to Pathology Department-Faculty of Medicine-Zagazig University-with all the clinical details of the patient for evaluation. Gross examination of the tumor removed was done by inspection and palpation, The specimen was then cut with a sharp knife into two halves. The cut surface was wiped off the excess blood, if present, with the help of a filter paper. Again, reinspection and repalpation of the tumor was done.
The most appropriate area thought to be representative of lesion was chosen. One to four frozen sections per case were taken from different representative areas. The number of frozen sections was depended on the type and size of the tumor. Seven to eight μm sections were obtained and stained with hematoxylin-eosin.
The specimens were then fixed in formalin. Paraffin blocks of the sections were processed in the routine way and sections were stained with hematoxylin and eosin (H and E). All the sections were studied microscopically under low and high power and categorized according to the status of malignancy into benign, borderline and malignant tumor.
The diagnosis obtained by intraoperative frozen section based on cellularity and cell morphology was compared with final histopathological diagnosis in terms of diagnostic sensitivity, to differentiate between benign and malignant lesions. Assessment of the overall accuracy of the intraoperative diagnosis was classified as follows:
• Concordant. In these cases, the diagnosis was correct with regard to the major tumor category (benign, borderline, or malignant) and, in the case of malignant neoplasms, to tumor origin (primary vs metastatic).
• Discordant. These were cases in which incorrect or equivocal assessment could have adversely affected intraoperative management, including the failure to identify the principle diagnostic category of surface epithelial tumors (benign, borderline, or malignant) or inaccuracy regarding the origin of malignant neoplasms (primary vs metastatic). Cases in which the major histological category of primary ovarian malignancy (carcinoma, sex cord stromal tumor, and germ cell tumor) was not recognized were also considered discordant because the optimal operative management of these cases may differ, particularly in the younger age group. Statistical analysis was performed using STATA 11.0 (College Station, Texas, USA). Data were presented as a number (%) or mean ± standard deviation (SD)/median (range). The differences in Mean/Median values were measured by using Student's t-test (normal data distribution)/Wilcoxon Ranksum test (for categorical variables). p < 0.05 was considered to be statistically significant.
The study was approved by Zagazig University Medical Research Council Laboratories Joint Ethics Committee. All participants signed an informed consent. Rigorous confidentiality was maintained.
Results
The study was performed on 50 (age ranging between 11 and 77 years) patients presented with ovarian mass. Table 1 shows the features of the studied patients in relation to the type of ovarian masses. Different types of ovarian masses (benign, borderline and malignant) show statistical significant correlation with the age of the patient while there is no significant association between parity and different types of ovarian masses. Table 2 shows the association between different types of ovarian masses and clinical data, macroscopic & intraoperative picture, and laterality of ovarian masses. There was no statistically significant difference in the studied patients as regard the clinical data, macroscopic and intraoperative picture, while there was statistically significant association as regard the laterality of the ovarian masses. Table 3 shows the histological types of the tumors according to the results of paraffin sections, their number and percentage among patients under the study. Table 4 and Table 5 show the validity of frozen section in the diagnosis of ovarian masses. The validity of frozen section in the diagnosis of benign tumour was 100% with 100% accuracy, specificity, positive predictive value, negative predictive value, while sensitivity & negative prediction for borderline tumour and specificity & positive prediction of malignant tumour were 100%, specificity for borderline tumours was 95% while the positive predictive value was 33.3% with 96% accuracy for both malignant and borderline tumours. 
Discussion
Intraoperative frozen section for use in diagnosis of ovarian tumors is of great value. In some cases, it can help surgeons avoid under-treatment or overtreatment of patients. Frozen section is indicated to ensure that the tissue sampled adequate for diagnosis, to determine the nature of the disease process, to plan ancillary studies, to determine tumor spread, and to assess margins [8] . Most studies have shown that if ovarian tumors are categorized according to their malignant potential, the accuracy of frozen section diagnosis would be in the range of 89.8% -97% [9] [10].
Baker and Oliva indicated that in some cases a careful gross examination may be as accurate as frozen section and may avoid delays in diagnosis [10] . Given the difficulty in distinguishing borderline from invasive (malignant) tumors, they advocate the use of the term "at least border line" as a reasonable frozen section opinion, which indicates that the final diagnosis may change but allows the surgeon to proceed with a staging operation, which avoids a second surgery [10] .
A firm diagnosis of border line neoplasia, however, would allow a less extensive procedure, especially if the patient wished to retain her fertility [11] .
Accuracy of frozen section in this era is important to tailor the extent of surgery. This is especially important for young women who has not completed child bearing conservative surgery has been recommended for stage la grade I epithelial ovarian tumors [12] [13] . Also germ cell tumors can be managed by unilateral salpingoopherectomy even if they are in advanced stage as far as these tumors are extremely sensitive to chemotherapy [14] [15].
Suboptimal operation and decreased survival rate will occur in patients with ovarian cancer due to the surgeon's underestimated judgment versus radical surgery and decreased fertility or surgical menopause will be done in patients with ovarian masses due to the surgeon's overestimated judgment [16] .
A critical analysis demonstrated a tendency amongst the surgeons to underestimate real neoplasm as benign lesion, probably due to the low statistical likelihood of malignant neoplasm in premenopausal women [16] .
Most studies have shown that if ovarian tumors are categorized according to their malignant potential, the accuracy of frozen section diagnosis would be in the range of 89.8% -97% [17] . The overall accuracy in this study was 100% for benign ovarian neoplasms, 96% for borderline ovarian neoplasms and 96% for malignant ovarian neoplasms. In this study the sensitivity for malignant tumors was 90%, while the specificity and positive predictive value was 100%, negative predictive value was 93%, with accuracy of 96%, which is in agreement with the literature.
The sensitivity for borderline tumors was 100%, while the specificity was 95% and positive predictive value was 33%, negative predictive value was 100%, with accuracy of 96%. This not matched with the literatures due to small sample size.
The validity of frozen section as a diagnostic tool of benign tumor was 100%, the sensitivity, the specificity, positive predictive value, negative predictive value, and accuracy for benign tumors were all 100 percentage, which is in agreement with the literature.
In a systematic review of papers examining the use of intraoperative frozen section in predicting the final diagnosis of ovarian lesions by [18] , the sensitivity of frozen section was greater than 95% when benign tumors were compared with borderline and invasive carcinomas but just less than this when borderline and invasive carcinomas were compared. Specificity also exceeded 95% when benign and invasive carcinoma were compared but was less than this when borderline lesions were compared firstly with benign and secondly with invasive lesions. The positive and negative predictive values were also optimal when benign and invasive carcinomas were compared but reduced when either benign or invasive carcinomas were compared with borderline lesions [18] .
According to a meta-analysis of 18 studies, if the diagnosis "borderline" is classified as malignant, the sensitivity of frozen section diagnosis varies between 65% and 97%, and the specificity between 97% and 100% [9] .
Ilker et al. analyzed data of 266 patients with ovarian masses. The results of frozen sections were 235 (88.3%) benign, 11 (4.2%) borderline and 20 (7.5%) malignant. The sensitivity was 100% for the benign tumors, 77.8% for the borderline tumors and 71.4% for the malignant tumors. The specificity of frozen section was 83.8%, 98.4% and 100% for the benign, borderline and malignant tumors, respectively [19] .
In borderline neoplasms, under-diagnosis is generally more frequent than overdiagnosis and the majority of discrepancies also occur in frozen section diagnosis of benign lesions with final report of borderline neoplasms. Even in some series, no borderline tumor was overdiagnosed as invasive cancer [20] . In this study there was an underdiagnosis of 2 malignant cases as borderline by frozen section, this is agreed with the results of literature.
Suprasert et al. recommended that multiple frozen section samples may help increase the accuracy in the diagnosis and taking one frozen section per each 10 cm diameter of the mass was suggested. However, multiple frozen sections may not be able to eliminate the deferred or discordant cases. In addition, performing many frozen sections in each case is time-consuming and is usually not practical in the intra-operative settings. The deferred diagnostic category reflects an uncertainty in the diagnosis based on limited tissue sampling. An adequate sampling is usually required for a definite diagnosis of such examples as the diagnostic areas may be focal in nature [21] .
Houck et al. reviewed 140 cases of borderline tumors, and concluded that only mucinous and mixed histologies versus serous were responsible for underdiagnosis of borderline tumors in frozen sections [20] . Pavlakis et al. assessed 932 ovarian tumors cases and found that the majority of discordant cases had mucinous histology and tumor diameter of more than 10 cm. So they recommended that, care should be taken for large tumors measuring > 20 cm in diameter, particularly when the intraoperative diagnosis reveals an epithelial borderline tumor or a teratomatous tumor with an extensive neural component [22] . It has also been suggested that, among the common types of borderline tumors, the diagnostic difficulty is greater in the mucinous type compared to the serous counterpart [17] [20] . Large tumor size and tumor heterogeneity of mucinous tumors were the main contributing factors of the diagnostic difficulty.
In the discordant cases, of this study, there were two false positive results (4%), borderline tumors misinterpreted as "malignant". Overdiagnosis results in more morbidity especially when the frozen section is diagnosed as malignant. The rate of overdiagnosis in other studies was in the range of the literatures [9] .
Metastatic ovarian tumors account for about 6% -7% of ovarian cancer. Differentiating metastatic tumors from primary ovarian cancers is necessary for optimal intraoperative management. Bilaterality, lymphovascular invasion, extensive surface involvement and multinodular pattern of growth are some features that can be used to suggest a metastatic ovarian tumor intraoperatively [23] .
In this study, one case is a metastatic tumor and had been identified as "malignant", but the metastatic nature of tumor had been not identified intraoperatively. The tumor was determined as metastatic in permanent sections, after receiving adequate clinical history and by histologic examination of the specimens received for permanent sections and finally diagnosed as metastatic adenocarcinoma of gastroenterology origin; with extensive intraabdominal spread. In general, frozen section has been reported to be only moderately accurate in differentiating primary versus metastatic malignancy [10] .
Wootipoom et al. had 16 deferred cases (7%), consisting primarily of mucinous and stromal tumors [24] . Usubutun et al. also agreed with the present study that mucinous tumors, tumors resembling fibrothecomas, and extensive hemorrhage or necrosis always obscured the frozen section diagnosis. The mean diameter of the mucinous tumors in the deferred group was significantly larger than the mean diameter of the mucinous tumors in the agreement group [25] .
Geomini et al. considered deferred results of frozen section as benign tumor because radical surgery should not be performed if malignant diagnosis is not confirmed. The likelihood ratio for malignancy in cases of deferred diagnosis is too small to justify radical surgery [9] .
Wootipoom et al. agree with the meta-analysis findings that indicate it is best to wait for final paraffin section results before deciding to perform radical surgery in a case of deferred diagnosis [24] .
Wootipoom et al. concluded that intraoperative frozen section diagnosis is generally accurate and can be used as one piece of evidence for the surgeon to use in determining the type and extent of initial surgery to be performed. However, frozen section has limitations such as sampling error, deferred diagnosis and interpretation error. Good intraoperative communication between surgeons and pathologists and regular clinico-pathologic conferences, especially in cases with discordant diagnosis, can maximize accuracy and minimize limitations such as interpretation error and deferred diagnosis [24] .
Wootipoom et al. [24] made an effort to improve the frozen section accuracy. They revealed overall accuracy of intraoperative frozen section diagnosis for ovarian tumor ranges between 89.8% and 97%. After evaluation, they found some limitations of the frozen section diagnosis which needed to be improved such as sampling error, deferred cases, and interpretation error. Sampling error has often been mentioned as one of the limitations of frozen section diagnosis.
According to Stewart et al., several factors can affect the accuracy of frozen section diagnosis, including sampling error, quality of frozen section (technical factor), and experience of pathologists [6] .
Sampling error was considered to be the main reason for the diagnostic discrepancy in most studies,. predominantly in some groups of tumors, in which there was remarkable heterogeneity of tumor from areas to areas within the same ovarian mass, such as mucinous tumors and teratomas. Frozen section may fail to sample the most severe lesion or frankly malignant area in a limited number of sections intraoperatively [26] .
Another factor that causes difficulty in frozen section diagnosis is the quality of sections prepared by this technique that limits the evaluation of cellular detail. This technical factor is rather underemphasized in most clinical studies on frozen section diagnosis [6] . The section quality was a reason of deferred or discordant diagnoses in this study, also it caused difficulty in some cases of primary epithelial carcinoma in the agreement group with paraffin diagnosis. However, such limitation did not result in the alteration of the intra-operative surgical management in our cases.
With the exception of borderline tumors, the sensitivity and specificity of frozen section diagnosis of ovarian tumors is high. Intraoperative frozen sections for diagnosis of ovarian tumors are of value in preventing the under-treatment and overtreatment of patients when the surgeons and pathologists are aware of limitations. Finally, to reduce the number of false negatives, more extensive frozen section sampling should be performed for clinically suspicious cases in which the speed of diagnosis can be compromised.
Rakhshan et al., concluded that to minimize the discordant cases, one can emphasize on the benefits of the communication between the pathologist and the surgeon about preoperative imaging and intraoperative findings and also a better examination of the larger tumors for appropriate sampling of focal borderline or invasive foci [27] .
Conclusion
In conclusion, intraoperative frozen section is accurate for rapid diagnosis of ovarian tumors. It can help surgeons avoid under-treatment or overtreatment of patients. Our study was designed prospectively using a small number of patients. The door is open to larger studies using a larger number of patients to be performed in order to substantiate our results.
